T he pelvic floor muscles (PFM) form the floor of the pelvic and abdominal cavity 1 . PFM are considered to have the dual function of controlling bladder continence and providing stability in the lumbo-pelvic region 2, 3 ; i.e., each play an important role in generating, maintaining, and increasing intra-abdominal pressure and maintaining bladder continence. Evidence has confirmed the co-activation of the pelvic floor and abdominal muscles for development of intra-abdominal pressure and trunk load transfer [2] [3] [4] [5] [6] . Consequently, PFM dysfunction has been commonly associated with urinary disorders or lumbo-pelvic pain.
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of digital palpation to the other measurement tools for PFM evaluation, such as perineometery 15, 16 , vaginal balloon 17 , electromyography 7 , and transperineal ultrasound 10, 11, 18, 19 , few studies have been conducted to determine the association between TA ultrasound measurement and digital muscle testing of PFM action 10, 12 .
With the use of different designs and testing procedures, controversial results have been reported regarding the correlation between TA ultrasound measurement and vaginal palpation. Although Thompson et al 10 found significant correlation between TA ultrasound measurements and manual testing for PFM contraction, others have not associated the TA ultrasound and digital palpation measures 11 . In one study conducted by Sherburn et al 12 , during the observation of bladder base displacement on ultrasound, digital vaginal examination was simultaneously performed by another examiner to confirm correct muscle activation. In the second study reported by the same researchers, no simultaneous vaginal palpation was performed during the evaluation of PFM contraction using TA ultrasound 11 . However, in both studies the digital palpation scores and TA ultrasound measurements for PFM contraction were recorded during different contractions. No study has performed digital palpation and TA ultrasound for PFM evaluation during the same contraction. In addition, subjects with lumbo-pelvic pain have not yet been included in such studies.
The purpose of this study was to investigate the association between digital palpation and TA ultrasound measurement for the assessment of PFM contraction when recorded simultaneously during the same contraction and in separate contractions in a mixed population (asymptomatic women and women with urinary disorders or lumbo-pelvic pain).
Methods
Subjects
A total of 19 women between the ages of 22 and 40 years (mean = 30.63, SD = 5.68) participated in the study. To have a wide range of manually graded muscle strength, the subject population in this study was a mixed population including 7 asymptomatic women, 3 women with urinary incontinence, and 9 women with chronic low back pain. Subjects with low back pain or urinary incontinence were selected among the individuals seen in the physical therapy clinics. The asymptomatic women were selected from among those who accompanied a patient or from staff at the University of Social Welfare and Rehabilitation Sciences. All the subjects signed an informed consent approved by the Human Subjects Committee at the University of Social Welfare and Rehabilitation Sciences before participating.
The asymptomatic subjects had no complaint of pain or dysfunction in the low back, pelvis, or lower extremities and no symptoms of incontinence. Low back pain patients were included if they had a history of low back pain for more than six weeks before the study or had intermittent pain and had experienced at least three episodes of pain, each lasting more than one week, during the year before the study. Exclusion criteria were pregnancy, history of spinal surgery and spinal or pelvic fracture, urinary tract infection, vaginal infection, and known neurological disorders. The physical characteristics of the subjects are shown in Table 1 . 
Transabdominal Ultrasound Measurement
The transabdominal ultrasound used in this study was an imaging unit set in Bmode (Ultrasonix-ES500, Canada) with a 3.5 MHz curved array transducer. The procedure described by others 10-14 was followed to measure the amount of bladder base movement as an indicator of PFM contraction. All women were assessed by the same examiners. A standardized bladder filling protocol was used prior to imaging. One hour before the measurement, the women were asked to fill their bladder by consuming 600-750 ml of water within half an hour (completed half an hour prior to testing), without voiding until after the ultrasound assessment. The subject's position was crook-lying supine with one pillow under the head. The ultrasound probe was transversely placed in the midline on the supra-pubic region and was angled in a caudal/posterior direction to obtain a clear image of the inferior-posterior aspect of the bladder. A marker was placed at the bladder base on the junction of the hyper-and hypoechoic areas in the region of the greatest displacement visualized during a PFM contraction. The marker was first placed on the bladder base at the rest. The participants were instructed to draw in and lift the PFM to perform a voluntary PFM contraction, and the marker was then placed on the bladder base at the point of maximal displacement during the PFM contraction. The amount of bladder base displacement from resting position at the end of each contraction was measured in millimeters (mm). If the bladder base was found to descend during PFM contraction, the displacement was given a negative value. The ultrasound transducer was not moved during the testing procedure.
Digital Palpation Testing
Digital muscle testing is one of the most common clinical methods used by physical therapists to assess PFM strength and the woman's ability to perform correct PFM contractions 1, [7] [8] [9] . The PFM contraction was assessed by digital palpation testing using a modified Oxford muscle grading scale. The detailed procedure for this test has been described by Sapsford et al 8 . The modified Oxford scale is a 6-point measurement scale: 0 = nothing, 1= flicker, 2 = weak squeeze, 3 = moderate squeeze and lift, 4 = good squeeze and lift, 5 = strong squeeze and lift. All the subjects were assessed by the same examiner. The subject's position and the instructions for performing the PFM contraction were the same as those used during the ultrasound measurement.
Data Analysis
MedCalc® statistical software was used for data analysis. The association between TA ultrasound measurement and digital palpation testing (modified Oxford scale) to evaluate PFM contraction was assessed using Spearman's coefficient of correlation.
Results
The demographic data for the subjects is presented in Table 1 . The measurements taken using TA ultrasound and digital palpation for PFM contraction are summarized in Table 2 . The presented data are mean (SD) for TA ultrasound measurements and median (range) for vaginal palpation testing, which was considered ordinal. Table 3 presents the correlation between the TA ultrasound measurements and digital palpation testing (modified Oxford scale). There was a significant correlation between manually graded PFM strength and TA ultrasound measurement when simultaneously performed (rho=0.62, p=0.01, 95% CI for rho: 0.23 -0.83) (Table 3, Figure 1) .
A significant association was also found between TA ultrasound measurement and digital palpation testing when tested in separate contractions (rho= 0.52, p=0.02, 95% CI for rho: 0.08 -0.78) (Table 3, Figure 2 ).
Discussion
The modified Oxford muscle grading scale, used in this study, is a frequently used digital assessment of PFM contraction. Digital examination is a straightforward and clinically practical means of PFM assessment and requires no special equipment. It has been often compared with other measurement approaches for evaluation of the PFM con traction such as perineometery 15, 16 , vaginal balloon 17 , electromyography 7 , and transperineal ultrasound 10, 11, 18, 19 . However, vaginal palpation is inappropriate for use in certain populations 10, 11 . Real-time ultrasound imaging is a reliable and valid method used by physical therapists to evaluate muscle structure, function, and activation patterns. THE JOURNAL OF MANUAL & MANIPULATIVE THERAPY n VOLUME 17 n NUMBER 3
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The value of ultrasound imaging in a clinical rehabilitation setting is that it allows for real-time study of the muscles as they contract 20 . It provides direct feedback to the therapist and patient and assists them in the correct activation of the muscles. This is especially important when the activation pattern of deep muscles such as deep trunk and pelvic floor, which are difficult to access, is investigated.
Transperineal ultrasound has been previously used to assess the PFM contraction by measuring the amount of bladder neck elevation during PFM contraction 10, 11, 18, 19 . However, the transperineal method may be unsuitable for use in certain populations where placing the ultrasound transducer on the perineum is unpleasant. The location of the probe on the perineum can also limit some functional maneuvers.
More recently, TA ultrasound has been used by therapists to assess the lifting aspect of the pelvic floor by observing movement of the bladder base during PFM contraction. This technique is comfortable for the patient, quick, and easy to apply. The patient does not need to get undressed and the probe is not placed at the perineum. This makes TA ultrasound a valuable tool for PFM evaluation in specific populations where vaginal palpation or perineal examination may not be possible or desirable, e.g. children, adolescents, men, victims of sexual abuse, and some ethnic groups. The reliability of TA ultrasound for measurement of bladder base movement during PFM contraction has been established previously 10, 12 . The result of this study showed a significant association between TA ultrasound measurement and digital palpation testing for PFM evaluation when simultaneously or separately tested (Table 3, Figures 1, 2) . Similar findings have been reported elsewhere 10, 12 . Dietz et al 18 also reported a positive correlation between the measurements taken using transperineal ultrasound and manual muscle testing. In contrast, Sherburn et al 12 found no significant relationship between ultrasound measures and digital palpation. This difference could arise from the fact that different approaches have been used in the previous studies. In the study conducted by Sherburn et al 12 , during the observation of bladder base displacement on ultrasound, vaginal examination was simultaneously performed by another examiner. But in the study of Thompson et al 10 , no simultaneous vaginal examination was carried out during ultrasound measurement. The subject population was also different in the earlier studies. However, in both studies the strength of PFM was manually graded separately from ultrasound measurement.
The significance of this study was in assessing and comparing the relationship between digital palpation and TA ultrasound when recorded simultaneously during the same contraction or in separate contractions. Our data indicate stronger correlation between the measures when they are evaluated simultaneously (Table 3, Figures 1, 2) . We think vaginal palpation gives better feedback as to PFM contraction. Thus, a stronger association was found between the measures when they were performed simultaneously during the same contraction.
The significant correlation between the measures in separate tests, (rho=0.52, P=0.02), complements the results of the previous studies. Peschers et al 7 and Bø and Finckenhagen 17 believed that digital palpation was the only way to ensure a correct PFM contraction and considered it a gold standard. Although digital examination is important for palpating components of pelvic floor dysfunction, it is not the only method to assess PFM action. The result of the study conducted by Sherburn et al 12 demonstrated that the bladder base elevation observed on TA ultrasound confirms whether correct PFM muscle contraction has been performed. Concomitant digital palpation may therefore not be necessary in assessing PFM contraction.
The value of the TA view is that it allows for evaluation of both sides of the pelvic floor at once. Another advantage of using the TA ultrasound is that any pressures by the transducer against the abdominal wall, and movement of the abdominal wall, are dissipated by the fluid-filled bladder and so do not affect the PFM displacement values. Additionally, the probe placement in TA ultrasound method does not restrict movement of the lower limbs, which is important in the assessment of the subjects with lumbo-pelvic pain.
Limitations
TA ultrasound may be criticized because of the lack of a fixed bony landmark as a reference point. Measures of displacement are only expressed relative to a chosen starting point rather than an anatomical landmark. In this study similar to the others, a distinct edge of the endopelvic fascia in the region of its greatest observed displacement that was clearly observable during the movement was selected for measurement.
Another area of concern in this study is the sample population. The participants in previous similar studies were mainly asymptomatic or incontinent women. Patients with lumbo-pelvic pain were not included in those studies. With regard to the dual function of PFM in controlling continence and providing trunk stability, the sample population in this study was a mixed population of asymptomatic women and those with urinary incontinence or chronic low back pain.
Conclusion
This study investigated the association between digital palpation and TA ultrasound for the assessment of PFM contraction when measured simultaneously during the same contraction and during separate contractions. Our data indicate a significant correlation between vaginal palpation and TA ultrasound measurement when simultaneously or separately tested. Stronger correlation was found between the measures when performed simultaneously. This suggests that these two methods of evaluation measure comparable parameters. TA ultrasound can be used as a valuable tool for measuring PFM function.
